To study predictors of root resorption in orthodontic treatment from 407 records, 377 pre-and posttreatment periapical radiographs of permanent maxillary central incisors of 199 patients treated with fixed appliances were divided according to overjet, overbite, age, gender and endodontic treatment. Changes in root length between the onset and completion of orthodontic treatment were measured in digitized images and statistically compared using student t, one-way ANOVA and Tukey tests. There was no correlation between increased overjet, overbite and root resorption or with anterior open bite (0.924 and 0.5772). Root resorption was significantly lower in children younger than 10 years when compared to adults (P = 0.0017) and even lower in adolescents when compared to adults (P = 0.0003). There was higher prevalence of root resorption in males simultaneously with higher number of pipetteshaped and dilacerated apical root morphology (P = 0.034). Endodontically treated teeth were not more susceptible to root resorption (P = 0.208). Increased overjet and overbite did not present positive relation with root resorption. There was no difference in root resorption between vital and endodontically treated teeth. Age and gender presented positive relation with root resorption. Susceptibility to root resorption during orthodontic treatment may be related to apical morphology.
INTRODUCTION
The literature reveals different opinions on the correlation between age and external apical root resorption after orthodontic treatment, with positive correlation for some authors (Linge and Linge, 1983; Brezniak and Wasserstein, 1993; Mirabella and Artun, 1995a; Mavragani et al., 2000; Sameshima and Sinclair, 2001; Ren et al., 2008) , and no correlation for others (Phillips, 1955; McFadden et al., 1989; Baumrind et al., 1996 ; root resorption between genders (Beck and Harris, 1994) . However, most studies (Linge and Linge, 1983; McFadden et al., 1989; Parker and Harris, 1998; Nigul and Jagomagi, 2006) . According to Consolaro (2005) , with regard to orthodontic treatment in adults, the difference is not related to normal tissues. When the adult *Corresponding author. E-mail: antoniogeraldooliveira@gmail.com. Tel/Fax: 55 (35) 3221-5376, (35) 8843-5376. patient presents chronic inflammatory periodontal disease, there are sequels such as reduced height of the alveolar bone crest and increased clinical crown, altering the crown/root ratio. These differences should modify the orthodontic treatment planning. Periodontally healthy adults do not present higher occurrence of root resorption when compared to equally healthy young individuals.
The considerable difference in hormone levels between genders has led to the empirical assumption formerly, that there would be some differences in susceptibility to Sameshima and Sinclair, 2001; Nigul and Jagomagi, 2006; Santamaria, 2009 ) did not reveal any difference regarding gender in the occurrence of apical root resorption after orthodontic treatment with fixed appliances. As mentioned by Consolaro (2005) and Consolaro et al. (2009) , female patients are not more predisposed to root resorption as presumed in the past.
Some studies reported smaller occurrence of root resorption in endodontically treated teeth when compared to vital teeth (Spurrier et al., 1990 ; Mirabella and Artun, 1995a, b; Bender et al., 1997) . Conversely, other studies did not reveal such differences (Drysdale et al., 1997; Consolaro, 2005; Esteves et al., 2007) . The interruption or dissipation of the excessive force is enough to interrupt the periodontal alterations, especially of the cementoblast layer. The endodontic treatment does not significantly alter this situation, even with utilization of calcium hydroxide (Consolaro, 2002) . Table 1 presents published studies that correlated the characteristics of patients and malocclusions with the external apical root resorption and the methodology applied. More important than to relate the type of malocclusion of root resorption after orthodontic treatment is to define the extent of tooth movement and investigate its relationship with apical root resorption. Several studies assume that in comparison with Class I, most Class II individuals might present greater overjet and consequently greater extent of dental movement due to large retraction of incisors (Linge and Linge, 1991; Brin et al., 2003) . It would be relevant however, to compare differences in overjet and overbite concerning external apical root resorption after orthodontic treatment.
In addition to the overjet and overbite, this study analyzed the correlation between the occurrence of root resorption after orthodontic treatment with age, gender and presence or not of endodontic treatment.
MATERIALS AND METHODS
The study was approved by the Institutional Review Board of the Postgraduate Center at São Leopoldo Mandic College (protocol n. 2008/0374). The study sample was obtained after detailed analysis of 407 patient records of the Specialization Course in Orthodontics at Lavras Educational Center, Minas Gerais. All patients had been treated with fixed appliances by postgraduate orthodontic students by the same technique adopted by the department (conventional edgewise and pre-adjusted edgewise).
Among the 407 records, 208 were excluded because they did not meet the inclusion criteria, which was, patients voluntarily registering at the Triage Center of the Specialization Course in Orthodontics at Lavras Educational Center and signed an informed consent form agreeing to participate in the study. The exclusion criteria comprised patients who interrupted the treatment or were referred to other professionals; incomplete initial or final orthodontic records; periapical radiographs of poor quality (elongated, shortened or distorted images or not exhibiting part of the central incisors; rotated teeth; inadequately developed radiographs; etc); maxillary central incisors with incompletely formed roots; maxillary central incisors with fracture or restoration on the incisal edge during orthodontic treatment; or any other reasons that did not allow perfect measurement of the maxillary central incisors.
Therefore, the final sample comprised 199 records. The initial and final periapical radiographs of these patients, obtained by the paralleling technique, were digitized (scanner model "Perfection V700", Epson®), summing up to 377 maxillary central incisors that were evaluated and measured.
Measurement technique
The digitized radiographic images were stored and edited using the Photoshop® software (Adobe®, Photoshop® Cs3 version 10.0, USA), maintaining their original dimensions, and analyzed on a microcomputer. Thereafter, the images were analyzed on the "Image j" software (designed by the U.S. National Institutes of Health -Image J 1.41 -public domain-http://rsb.info.nih.gov/ij, downloaded on March 12th 2009) for the achievement of measurements. The root and tooth lengths were measured to the nearest 0.01 mm. In order to determine and calculate the changes in the tooth and root length on two different radiographs of the same patient, the study considered the premise that the crown size is not changed during orthodontic treatment (except in case of fracture or restoration). Therefore, the variation between the initial (C1) and final crown length (C2) determined the magnification factor. If no change occurred in root length during treatment, the variation between the initial (R1) and final root length (R2) should be equal to the C1/C2 variation. If root shortening occurred during treatment, the amount of apical root resorption was calculated by the equation: R1-R2 x (C1/C2) (Brezniak et al., 2004) .
The software "Image J" was used for tooth length measurement, using a standard scale for all images analyzed. This procedure comprised measurement of the mesiodistal diameter of the crown of a maxillary central incisor on the initial dental cast of one patient in the sample, whose value was 8.5 mm in diameter. Thereafter, the digitized periapical radiograph of the same tooth was opened in the software "Image J" for measurement of the mesiodistal diameter using the tool "Straight line", followed by the steps "Analyze", "Set Scale", "Distance in Pixels" (107.000), "Known Distance" (8.5 mm), "Pixel Aspect Ratio" (1.0), "Unit of Length" (mm), and "Global". This revealed a final standard scale of 12.588 "Pixels/mm", which was employed for measurement of all images in this study. After achievement of the standard scale, the digitized radiographs of all patients were opened on the software and measured using the tools "Plugins", "Analyze", "Measure and Label". The values were entered on an Excel® worksheet to calculate the root shortening (Microsoft Office Excel version 97-2003®).
For the measurement of each radiographic image, the median cementoenamel junction (CEJ) point was taken as reference, which corresponds to the midpoint between the mesial and distal points of the CEJ line. The root length was measured as the distance between the median CEJ point and the root apex. After achievement of the root length, the total tooth length was measured (between the root apex and the incisal edge) and the crown length was calculated as the difference between the total length and the root length, which represents the distance between the median CEJ point and the incisal edge (Figure 1 ).
Sample classification
The 377 maxillary central incisors were divided in groups according to the study objective, namely the overjet, as follows: G1-increased overjet (n = 146); G2-decreased overjet (n = 231); overbite: G3increased overbite (n = 137); G4-decreased overbite (n = 209) and G5-negative overbite (n = 23); age range: G6-children (n = 9), G7adolescents (n = 317) and G8-adults (n = 51); gender: G9-males (n = 167) and G10-females (n = 210); and finally endodontic treatment: G11-endodontically treated teeth (n = 8) and G12-vital teeth (n = 369). Among the total sample of 199 patients evaluated, it was not possible to collect some data from the patient records, such as overbite of four patients (8 teeth), leading to a final "n" of 369 for this topic.
Statistical analyses
Data were described as means and standard deviations. The Kolmogorov-Smirnov test was applied to check if the data presented normal distribution. Comparison between two groups was performed by the Student t test. Comparison between three or more groups was performed by one-way analysis of variance (ANOVA). If statistically significant difference was observed, the Tukey test for multiple comparisons was applied. All statistical tests were applied at a significance level of 5% (p < 0.05) and were run using the statistics software Past (Hammer et al., 2001) .
Method error
The apical morphology was evaluated in the sample in order to verify if teeth with abnormal apical shapes might have an influence on the outcomes. Therefore, in addition to the division of teeth according to the aforementioned groups, all images of root apices were classified according to the morphology. All radiographs were analyzed by a single examiner. To analyze the visual accuracy of the examiner when scoring the apical morphology, images of 50 randomly selected periapical radiographs of maxillary incisors were analyzed, adding up to 100 teeth, which were classified in five different apical morphologies: pipette-shaped, dilacerated, traingular, rounded and rectangular (Figure 2) . After 30 days, the 100 teeth were once again evaluated and classified for calculation of the Kappa index in the intraexaminer evaluation, which revealed a value of 0.76, evidencing substantial agreement. In order to determine the reliability of results, the method error was evaluated by analysis of casual and systematic errors. Images of 16 periapical radiographs were randomly selected, from which 32 measurements were obtained (of the two maxillary central incisors) in two different periods at a four-week interval. The error was calculated by the Dahlberg formula, revealing values of 0.195 and 0.179 for the casual error and 0.054 and 0.314 for the systematic error, the root and crown lengths, respectively. Analysis of the method error revealed that the identification of points and the achievement of measurements were reliable, since the accuracy of measurements was within acceptable parameters (Table 2) .
RESULTS
The analysis of treatment of orthodontic patients presenting Table 3 . Relationship between root shortening after orthodontic treatment according to the overjet (in millimeters) and comparison between increased overjet (> 4 mm) and decreased overjet (≤ 3.5 mm).
Overjet
Groups Table 5 . Relationship between root shortening after orthodontic treatment according to the age (in millimeters) and comparison between children (< 10 years), adolescents (between 10 and 20 years) and adults (above 20 years). presenting increased overjet and overbite at treatment onset is presented in Tables 3 and 4, which reveal that there was no correlation between the increased overjet and overbite and the occurrence of root resorption (0.924). Moreover, there was also no correlation in the group of patients with anterior open bite (negative overbite) (0.5772).
Age range
Concerning the relationship between age and apical root resorption, it was observed that when orthodontic treatment was performed at younger ages, especially in children below ten years of age, there was statistically smaller occurrence of root resorption when compared to adults (P = 0.0017) and was also smaller in adolescents when compared to adults (P = 0.00036) ( Table 5) . With regard to the variable gender, there was statistically significant greater occurrence of root resorption among males when compared to females (P = 0.034) ( Table 6 ).
The assumption that endodontically treated teeth would be less susceptible to root resorption was not confirmed in the present study, since there was no significant difference between groups (P = 0.208) ( Table 7) .
DISCUSSION
There was no correlation between the increased overjet and overbite and the occurrence of root resorption. Similarly, Nigul and Jagomagi (2006) did not find differences in the occurrence of root resorption between patients with increased or reduced overjet and overbite. However, the results reported by Brin et al. (2003) and Taner et al. (1999) correlated the occurrence of root resorption after treatment between patients with Class I and Class II division 1 malocclusion. According to several investigators (Linge and Linge, 1983; Brezniak and Wasserstein, 1993; Mirabella and Artun, 1995a; Mavragani et al., 2000; Sameshima and Sinclair, 2001; Ren et al., 2008) , the factor age is directly related to the greater occurrence of root resorption after orthodontic treatment, because adult patients are more susceptible to root resorption. However, other studies (Phillips, 1955; McFadden et al., 1989; Baumrind et al., 1996; Nigul and Jagomagi, 2006 ) did not find a higher frequency of root resorption in adults.
The greater occurrence of root resorption among males in relation to females, may be explained by the fact that the group of male patients exhibited a higher number of maxillary central incisors with pipette-shaped and dilacerated apical morphologies (18 teeth) when compared to the females, which presented only eight teeth with such apical morphologies. Even though some studies still report a greater tendency to apical root resorption after orthodontic treatment among the females (Kjaer, 1995; Kurol et al., 1997; Mohandesan et al., 2007) , this statement should be revised based on the current knowledge. Despite the controversial reports, most studies indicate the lack of gender dimorphism in this aspect (Linge and Linge, 1983; Levander and Malmgren, 1988; Linge and Linge, 1991; Baumrind et al., 1996; Parker and Harris, 1998; Sameshima and Sinclair, 2001; Nigul and Jagomagi, 2006; Santamaria, 2009) . Some investigators agree with this reduced susceptibility of endodontically treated teeth to root resorption after orthodontic treatment (Spurrier et al., 1990; Mirabela and Artun, 1995a, b; Bender et al., 1997despite some discordant reports (Drysdale et al., 1997; Consolaro, 2002; 2005; Esteves et al., 2007) . Based on the present results and considering the inherent limitations of any methodology, it was concluded that the increased overjet and overbite (greater than 4 mm) did not increase the occurrence of root resorption; children (below ten years of age) presented smaller occurrence of root resorption, while adults (older than 20 years) demonstrated greater occurrence of root resorption after orthodontic treatment; there was greater occurrence of root resorption among males, yet this was simultaneously related to the higher number of teeth with pipette-shape and dilacerated apical morphology in this gender; also, there was no difference in the occurrence of root resorption between vital and endodontically treated teeth. The susceptibility or individual predisposition to tooth resorptions during orthodontic treatment may be related to the apical morphology.
